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571 ABSTRACT

A method of electroplating chromium onto a metal

article includes an electrolytic surface treatment step
and a plating step. In the electrolytlc surface treatment
step the article is immersed in an alkaline solution of a
cyanide salt and an electrical potential is applied to the
article and reversed in polarity at predetermined inter-
vals. The potential is preferably applied in alternating

‘15 second and 5 second intervals, the polarity of the

potential applied to the article being positive during the
15 second intervals and negative during the 5 second
intervals. A potential of between about 4 to 6 volts is
preferred. The potential is applied to the article for a
period of 3 to 15 minutes, preferably beginning and
ending with a 15 second interval during which the po-
larity of the potential is positive. The article is then
immersed while still wet in a chromic acid electroplat-

-ing bath. After several minutes a negative plating poten- _

tial 1s gradually applied to the article until a desired
current density is -obtained. Chromium is continuously
plated onto the article until a sufficient thickness of
chromium is obtained. The method is particularly useful
tor plating chromium onto a previously chromium-
plated article to form a durable chromium plating.

12 Claims, No Drawings
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1
CHROMIUM PLATING

This is a continuation of the prior application Ser.
No. 115,882, filed Jan. 28, 1980, now abandoned, the

benefit of the filing dates of which are hereby clalmed
under 35 USC 120.

BACKGROUND OF THE INVENTION

The present invention relates generally to chromium
electroplating and more particularly to an improved
method of electrolytically depositing chromium on a
prekusly chromium-plated surface.

Chromium-plated articles are widely used through-
out industry where a hard, chemically resistant metal
surface 1s required. Such articles are prepared using
conventional chromium electroplating techniques well
known in the art. There are various instances where it is
desirable or even necessary to electroplate additional
chromium onto a previously chromium-plated article.
However, it 1s well recognized in the industry that it is
- very difficult to successfully plate chromium onto an
article having a previously deposited chromium sur-
face. This problem, generally known as the “‘chrome
restart problem,” 1s known to arise even when an at-
tempt is made to deposit an additional layer of chro-
mium upon a relatively fresh chromium-plated surface
only a few hours old. Specifically, the layer of new or

additional chromium does not adhere well to the under-

lying chromium layer, with the result that delamination
or blistering often occurs along the interface between
the new and the old chromium layers.

It 1s also known that it is often difficult to successfully
initiate chromium electrodeposition on certain other
meatl surfaces, particularly iron and stainless steel. A
method known as “nickel striking” is sometimes used to
initiate deposition of chromium onto these metals. Ac-
cording to this method, a thin layer of nickel is electro-
plated onto, for example, a stainless steel surface from a
nickel “strike,” or plating solution. Nickel electrodepo-
sitton onto stainless steel is more readily accomplished
than 1s chromium electrodeposnmn and the resulting
thin layer of nickel is relatively receptive to subsequent
chromium electroplating. The nickel layer thus forms a
base on the stainless steel that helps to ensure successful
subsequent chromium plating. This method, although
moderately successful, is necessarily somewhat time-
consuming and requires maintenance of separate nickel
and chromium plating baths.

The difficulty of depositing an additional layer of 50

chromium onto a preexisting chromium-plated surface
also makes it difficult to form a chromium layer of ap-
preciable thickness on an article. As in the electrolytic
deposition of many metals, chromium is not deposited in
a perfectly smooth layer, but rather tends to form nod-
ules and “trees” (small crystalline outgrowths) of chro-
mium on the article as the electroplating process is
carried on over a long period of time. Accordingly, to
form a chromium-plated article having an appreciable
thickness of chromium 1t has been necessary to deposit
~a single chromium layer in considerable excess and
thereafter mill or grind the article to obtain a smooth,
uniform layer of chromium of desired thickness. This
method 1s time-consuming and relatively inefficient,
particularly since the plating process typically takes a
day or more and cannot be interrupted to measure the

thickness of accumulated chromium without risk of

being unable to restart the plating process. Conse-
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quently, the process 1s cusmmarnly carried out continu-
ously for a long period of time to ensure that a sufficient
thickness of chromium is deposited to allow milling to
the desired thickness at all points. Nevertheless, there is
an occasional failure of the electrodeposition to initiate
properly. Since the article cannot be inspected during
the plating process, such a failure goes undetected for a
day or more until the entire process is completed. At
that time the only recourse in the event of failure is to
strip the chromium and repeat the process.

The chrome restart problem is also particularly acute
where chromium-plated metal articles must be main-
tained within very precise dimensional tolerances in
applications where the chromium plating is subject to
wear and abrasion, as in the case for example of chromi-
um-plated steel bearings. It is desirable in such applica-
tions to be able to deposit later an additional hard chro-
mium layer as the initial chromium surface becomes
worn. Until now it has been difficult or impossible to
maintain a sufficiently thick chromium layer because of
the difficulty of successfully restarting the chromium
plating process. Instead of even attempting to plate
additional chromium, the usual approach has been to
completely strip the remaining original chromium and
replate the article. Such stripping is time-consuming
and 1s also undesirable because the use of corrosive
chemical stripping agents involves a risk of damaging
the underlying metal article. Also, the subsequent re-
plating 1s subject to the problems mentioned above.

Accordingly, it is the general object of the present
invention to provide a method of electroplating chro-
mium that is mre reliable and efficient than has hereto-
fore been available.

It 1s also an object of the present invention to provide
a method of electroplating chromium onto the surface
of a previously chromium-plated article.

It 1s another object of the present invention to pro-
vide a method for treating metal articles in preparation
for chromium electroplating thereon.

It 1s yet another object of the present invention to
provide an efficient and reliable method of electroplat-
ing a relatwely thlck layer of chromium onto a metal

‘article.

It 1s a more specific object of the present invention to
provide a method of treating a previously chromium-
plated surface in preparation for subsequent electroplat-
ing of an additional chromium layer onto said surface.

SUMMARY OF THE INVENTION

The method of the present invention is generally
applicable to articles that have been previously plated
with chromium, as well as to any metal article of a type
normally susceptible to conventional chromium elec-
troplating. Examples of metals for which the method
has been demonstrated to be operable include nickel,
stainless steel, iron, copper and titanium. The method is
not applicable to metals that are easily corroded in a
chromic acid plating bath, for example aluminum.

In accordance with the present invention, a metal
article i1s prepared for chromium electroplating by im-
mersing it in an aqueous alkaline cyanide solution and
applying to the article an electrical potential that is
reversed in polarity at predetermined intervals. The
article is then immersed in a chromic acid chromium
plating bath and a cathodic plating potential is applied
to the article to effect chromium electrodeposition from
the plating bath.
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DETAILED DESCRiPTIO_N OF THE
PREFERRED EMBODIMENT

In the preferred embodiment of the method, a metal
article to be electroplated with chromium is initially
cleaned and rinsed to remove organic and Inorganic
contaminants. Preferably, the initial cleaning of the
article mcludes a first step of washing in a petroleum

naphtha solvent, followed by a second step of washing

in a hot (140° F.) alkaline bath for approximately 10
minutes with light agitation. Other conventional metal
cleaning processes may also be employed. The articie 1s
then thoroughly rinsed with clean tap water.

The article i1s then electrolytically treated in accor-

dance with the present invention in an aqueous alkaline

cyanide pretreatment solution. The alkaline cyanide
solution 1s preferably composed of sodium cyanide at a
concentration of between approximately 14 and 40
ounces per gallon of solution and sodium hydroxide at a
concentration of between approximately 5 and 20

ounces per gallon of solution. The alkaline cyanide
solution may comprise between about 16.8 and 33.6
ounces of sodium cyanide per gallon of solution and
between about 7.2 and 14.4 ounces of sodium hydroxide
per gallon of solution. Preferably, about 29 ounces per
gallon of solution of sodium cyanide are used in admix-
ture with about 7 ounces of sodium hydroxide per gal-
lon of solution. The alkaline cyanide solution is prefera-
- bly employed to treat the article at room temperature.
An electrical potential 1s applied to the article while

in the alkaline cyanide solution and reversed in polarity

at predetermined intervals. A potential of between

about 4 to 6 volts i1s preferred. Preferably, the potential
i1s reversed at the ends of alternating 15 second and 5
second intervals. During the 15 second intervals the
polarlty of the potential applied to the article is positive;
that is, an anodic or stripping potential is applied. Dur-
ing the 5 second intervals the polarity of the potential
applied to the article 1s negative, or cathodic. Prefera-
bly, the application of the electrical potential to the
article is both commenced and terminated with a 15
second interval during which the polarity of the poten-
tial applied to the article is positive. The reversing po-
tential is applied in this manner for a period of about 3
to 15 minutes. It is found that such a reversing potential
applied while the article is in the alkaline cyanide solu-
tion operates to treat the surface of the article in a man-
ner that renders it readily susceptible to subsequent
chromium electroplating. -

When treating prewously chromium-plated artlcles
with the cyanide solution in accordance with the inven-
tion the reversing potential must normally be applied
for a somewhat longer period of time than is necessary
for a fresh article not previously plated with chromium.

For example, the reversing potential is applied for a
- period of approximately 5 to 15 minutes to a previously
- chromium-plated article, and approximately. 3 to 5 min-
utes in the case cf a fresh, nonchromium-plated metal
article.

Regardless of the type of material being treated, it is
preferred that the electrolytic treatment period is ended
with a positive (anodic) polarity over an interval of
about 15 seconds. The article may then be hand scoured
with a fine silicone carbide abrasive paper wetted with
the alkaline cyanide solution to remove minor surface
irregularities. The electrolytic treatment process de-
scribed above is preferably repeated at least once, al-
though in many applications a second treatment is
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found to be unnecessary. Upon completion of the elec-
trolytic treatment process the article is rinsed for 5 to 7
minutes with clean tap water. The article should not be
allowed to dry following rinsing.

The article 1s then connected to a negative (cathodic)
terminal of a power supply associated with a chromic
acid electroplating bath and immersed in the plating
bath while still wet with rinse water. After the article is
immersed in the plating bath, no potential is applied for
approximately 5 minutes. At the end of the 5 minute
period, an incrementally increasing cathodic potential is
applied, preferably during a period of about 1 to 2 min-
utes, until a current density of between approximately 1
and 3 amperes per square inch is obtained. Preferably,
the current is raised in increments of 10 amperes every
10 seconds until the current density is approximately 2
amperes per square inch. The actual current will, of
course, depend on the surface area of the article.

- A typical plating bath comprises an aqueous solution
of approximately 30 to 33 ounces of chromic acid
(CrO3) per gallon of solution and approximately 0.33 to
0.38 ounces of concentrated sulfuric acid (H,SO4) per

gallon of solution. Such a bath is conventionally main-

tained at a temperature of approximately 115° F.

With the article immersed in the plating bath and the
current density at the desired level, the article is left
undisturbed until a suitable thickness of chromium has

been deposited on the surface of the article. The article

1s then removed and rinsed. The chromium plating on
the article may be milled and polished as necessary to
achieve the desired shape, thickness and surface texture.

To achieve a particularly thick deposit of chromium,
the process may be interrupted periodically and the
article sanded, milled or ground to prevent buildup of
nodules or trees. Prevention of the accumulation of
chromium in the form of nodules and trees is generally
destrable to make the most efficient use of the plating
bath and to obtain a relatively uniform and homogenous
layer of chromium.

The plating process may be interrupted and restarted
as many times as desired, for example, to measure the
thickness of the chromium plating or the quality of the
chromium plating, although the electrolytic treatment
must be performed each time to ensure successful re-
starting of the chromium plating process.

The present method i1s useful for plating chromium
onto the surface of a previously chromium-plated arti-
cle as well as onto the surface of an article having no
chromium plating. In the latter case, the present method

- 1s particularly useful where a relatively thick chromium
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layer 1s required but where it is not desired to greatly
overplate the article to insure a chromium layer of suffi-
cient thickness. Contrary to the limitations of the prior
art methods discussed above, the chromium plating
process may be interrupted for inspection and subse-
quently restarted as many times as necessary when the
article is pretreated in accordanee with the present
invention.

. EXAMPLE 1

To demonstrate the operation of the present method,
a test was conducted on a stainless steel pipe 9 inches
long and 1 inch in outside diameter. The pipe was pro-
vided with brass robbers at each end (robbers are de-
vides used in the electroplating art to prevent excessive
buildup of an electroplated metal on the edges and cor-
ners of an article being plated). The stainless steel pipe
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and its associated robbers had a surface area of approxi-
‘mately 32.5 square.inches. .

The pipe was initially washed in a petroleum naphtha '

- solvent. The pipe was then washed in a hot (140° F.)
alkaline bath for 10 minutes with light agitation. The
pipe was then rinsed for 7 to 10 minutes with clean tap
water.

‘The pipe was then 1mmedtate1y transferred to a pre—
treatment solution having dissolved therein 28.8 ounces
of sodium cyanide per gallon of solution and 7.2 ounces
~of sodium hydroxide per gallon of solution. An electri-
cal lead from a conventional ‘power supply was con-
nected to the steel pipe. A positive stripping (anodlc)
potential of 5.0 volts was then applied to the article for
15 seconds, followed by a negative (cathodic) potential
of 5.0 volits for 5 seconds. The posrtwe ‘and negatlve
potentials were applied to the pipe in the same manner
in alternating 15 and 5 second ‘intervals, respectively,
for a total period of time:of approximately 15 minutes.
The 15 minute period of time was terminated with a 15
second anodic interval. Throughout this period of time,
-the 5 volt reversing potential resulted-in an electrical
current of approxrmately 40 amperes through the artl-
cle. I . .
The steel plpe was then rinsed thoroughly wrth water
and transferred to a chromium plating tank containing a
plating solution made up with approximately 0.33 to
0.38 ounces of concentrated sulphuric acid (H2SO4) per
gallon of solution and 30 to 33 ounces of chromic acid

(CrO3) per gallon of solution. The plating solution was

maintained at a a temperature of approximately 115° F.
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The pipe was then exposed to the atmosphere for a

-period of one week. At the end of the week the entire
procedure was repeated, the pipe being electrolytically

treated with the reversing potential in the alkaline cya-
nide solution for a period of 10 minutes as before and
immersed in the plating bath for a period of 5 hours to
result in.an additional layer of ehrommm 0. 0025 mch

thick."

The pipe was then exposed to the atmoSphere for a
period of two weeks and the procedure again repeated
as before, with the exception that the plating was con-

~ ducted for 10 hours to deposit an additional layer of

15

20

~examination in cross section. The testing revealed to
:delarnmatlon, blistering or other defects typically en-

“countered in the plating of chromium onto a previously

. chromium-plated surface. The first chromium layer was

30

The pipe was suspended in the bath in a vertical position -'

by an electrical cathode lead. Four lead (Pb) anodes,
having a collective surface area of approximately 4
times the surface area of the pipe and its robbers, were
placed around the pipe at distances of approximately 5

35

inches from the pipe. The pipe was immersed for ap-

proximately 3 minutes in the chromium plating bath
with no potential being applied. A cathodic, or negative

plating, potential was then applied to the pipe such that

the current was increased in incréements of 10 amperes
~ at intervals of 10 seconds until a plating current of 65
amperes (eorrespondmg to a current densrty of 2 am-
peres per square inch) was attained. The pipe was plated

continuously for 20 hours at constant current of 65
- amperes. At the end of this period, the plpe was re-
moved from the plating bath, whereupon it was deter-
mined that a layer of chromium 0.010 inch thick was
depomted on the stainless steel pipe.

The pipe was then dried and exposed to the air for 3
days. At the end of this period the pipe was cleaned as
before in an alkaline cleaning solution, rinsed and re-

40

45

chromium 0.005 inch thick.

The pipe was then left out for a period of one month,
after which the procedure was repeated many addi-
tional times. ‘The procedure was eventually repeated a

total of 42 times for varying plating times, resulting in a
final layer of chromium 0.100 inch thick on the plpe

The pipe was then subjeoted to exhaustive testtng, in-
cludmg euttmg, grinding, chiseling and microscopic

mtegrally adhered to the underlying stainless steel and

all'subsequent chromium layers were integrally bonded

together

It was further noted that the pipe was exposed to the
atmosphere between plating periods in an industrial
plating plant where the air was considered relatively
corrosive and polluted. No particular precautions were

taken to protect the pipe from this air. Despite corro-

sion, oxidation and contamination of the chromium-
plated surface of the pipe that was likely to have oc-
curred, the chromium plating process was successfully
restarted during each of the 42 consecutwe plating

~periods.

Although the present invention is described by refer-
ence to a preferred embodiment, it will be understood
that various alterations, modifications and substitutions

-of equivalents may be made by one skilled in the art

without departing from the essential spirit of the inven-
tion. Accordingly, the scope of protection for the pres-

“ent invention granted by Letters Patent hereon is in-

| tended to be limited only by the definition contained in

turned to the alkaline cyanide treating solution. The

reversing potential was applied as before for a total
35

~ period of 10 minutes, again beginning and ending the
- period with a 15 second anodic interval. The pipe was
then rinsed with water for 7 to 10 minutes and trans-
ferred to the chromium plating bath. The pipe was
immersed for 5 to 10 minutes with no current being
applied. The cathodic plating potential was then gradu-
 ally applied as before, with 10 amperes being applied
~ every 10 seconds until a current of 65 amperes was
~ attained. The pipe was plated for 10 hours. During this
- time a layer of chromium approximately 0.005 inch
- thick was deposited onto the previously chromium-
- plated surface of the pipe. The pipe was then removed
- from the solution, drled and milled to remove 0.002 inch

~ of chromium.

65

the following claims and equivalents thereof.
The embodiments of the invention in which an exclu-

sive property of privilege is claimed are defined as fol-
50 '

lows: =~ |
1. A method of restarting the electroplating of chro-

~mium onto an article having an electroplated chromium
“coating, said method comprising the steps of: |

“immersing said article in an aqueous alkaline solution
~of a cyanide salt;

applying an electrical potential to said article im-

mersed in said solution and reversing the polarity

~ of said potential at predetermined intervals for a

- first predetermined period of time while said article

- is immersed in said aqueous alkaline solution; and,

thereafter immersing said article in a chromic acid

chromium electroplating bath and applying a ca-

thodic plating potential to said article to eleetro-
plate chromium onto said article.

2. The method defined in claim 1 wherein said electri-

cal potential applied to said article while said article is

immersed m sald alkaline solution is between 4 to 6
volts -
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3. The method defined in claim 2 wherein the polarity

of said electrical potential aplied to said article is re-
versed at the ends of alternating 15 second and 5 second
intervals, the polarity of said electrical potential applied
to said article being positive during said 15 second inter-
vals and negative during said 5 second intervals.

4. The method defined in claim 3 wherein the appiliea- .I

tion of said electrical potential is terminated at the end
of a 15 second interval during which the polarity of said
electrical potential applied to said article is positive.

S. The method defined in claim 4 wherein the applica-
tion of said electrical potential to said article is com-
menced with a 15 second interval during which the
polarlty of said electrical potential applled to said article
Is positive. |

6. The method deﬁned in elalm 5 wherein said first
predetermined period of time is about 3 to 15 minutes.

7. The method defined in claim 6 wherein said article
15 immersed in said chromic acid chromlum electroplat—
about 5 minutes before said cathodle platmg potentlal 1S
applied to said article.

8. The method defined in claim 7 whereln sa.ld ca-
thodic plating potential is gradually apphed to said

10

15

20

predetermined period of time, said cathodic plating
potential being gradually applied during said third pre-
determined period of time until a current density of
between about 1 and 3 amperes per square mch 1s ob-
tamed | '

- 9. The method defined in claim 8 wherein said article

1s rinsed with water at the end of said first predeter-
mined period of time and thereafter immersed in said

chromic acid chromium platmg bath w1thout being
allewed to dry.

10. The method defined in clalms 1, 2,3,4,50r9
wherein said aqueous alkaline solution of a cyanide salt
comprises an aqueous solution of sedlum cyanide and
sodium hydroxide.

11. The method defined in elaml 10 wherein said
aqueous solution comprises between about 5 to 20
ounces of sodium hydroxide per gallon of solution and
between about 14 and 40 ounces of sodium cyanide per
gallon of solution. . |

12. The method defined in clalm 11 wherem said

~ aqueous solution comprises between about 7.2 and 14.4

article over a third predetermmed period of time of 25

about 1 to 2 minutes lmmedlate]y followmg sald sec.ond
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ounces of sodium hydroxide per gallon of solution and
between about 16.8 and 33.6 ounces of sodium cyanide

per gallon of solution.
: . - * 't"#-‘-:.*. *
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